Background: Simultaneous division of the splenic artery, splenic vein and pancreatic parenchyma during laparoscopic distal pancreatosplenectomy (LDPS) is known as the lasso technique, which is considered to be simple to perform. However, the original lasso technique carries a risk of post-operative bleeding from the splenic artery. We modified the original lasso technique to improve its technical safety and compared the perioperative outcomes of LDPS performed with the modified lasso technique (ml-LDPS) with those of conventional LDPS (c-LDPS). Methods: From August 2006 to July 2016, 30 patients underwent c-LDPS and 31 patients underwent ml-LDPS for distal pancreatectomy involving <50% of the pancreas. The perioperative outcomes of the two groups were compared. Results: The ml-LDPS technique resulted in a shorter operation time (201 min versus 162 min, P < 0.01), less intraoperative blood loss (20 mL versus 200 mL, P < 0.01), a shorter post-operative hospital stay (8.0 days versus 12.5 days, P < 0.01), and a lower incidence of clinically relevant post-operative pancreatic fistulas (6.5% versus 26.7%, P = 0.04) compared with c-LDPS. The surgical approach (c-LDPS or ml-LDPS) was identified as an independent predictor of the development of clinically relevant post-operative pancreatic fistulas via multivariate analysis. Conclusion: The ml-LDPS method had beneficial effects on the operation time, intraoperative bleeding, the post-operative morbidity rate and the length of the post-operative hospital stay. The ml-LDPS procedure is a simple, safe and effective way of performing planned LDPS.
Introduction
The laparoscopic approach for pancreatic resection was considered to be technically challenging due to both anatomical factors, such as the pancreas' retroperitoneal location and its close proximity to the duodenum and major vessels, and the relatively high risk of postoperative complications, including pancreatic fistula formation, which is a life-threatening event that can prolong patients' hospital stay and increase costs. With improvements in surgical devices and surgeon experience, laparoscopic pancreatectomy, especially laparoscopic distal pancreatectomy, is gradually becoming widely accepted. Several studies have shown that employing a laparoscopic approach during resection of the distal pancreas is superior to using an open approach in terms of intraoperative blood loss, the morbidity rate and the length of the post-operative hospital stay. [1] [2] [3] [4] In the case of distal pancreatectomy for benign or low-grade malignant tumours, the laparoscopic approach is considered technically feasible and results in comparable oncological outcomes. Regarding the conventional procedure for laparoscopic distal pancreatosplenectomy (LDPS) involving <50% of the pancreas (c-LDPS, Fig. 1a ), in general the splenic artery and vein are ligated and divided separately, and then the pancreatic parenchyma is divided on the left side of the celiac artery with ultrasonic shears or an endoscopic mechanical linear stapler. [5] [6] [7] However, ligating and dividing the splenic artery and vein separately is sometimes difficult due to chronic pancreatitis and the fact that these vessels are deeply embedded in the pancreatic parenchyma. Such problems can lead to a prolonged operating time and excessive bleeding from the pancreatic parenchyma or blood vessels that pass through the pancreas, which might lead to increased risks of morbidity and mortality. Velanovich reported the lasso technique for laparoscopic distal pancreatectomy in 2006 (Fig. 1b) . 8 In brief, this technique is composed of two essential procedures. One involves the placing of a Penrose drain around the neck or proximal body of the pancreas to allow atraumatic manipulation, and the other involves simultaneous division of the splenic artery, splenic vein and pancreatic parenchyma using an endoscopic mechanical stapler. They concluded that this method would allow surgeons to perform laparoscopic distal pancreatectomy more easily compared with the conventional procedure. However, contrary to their expectations, no further experiences of the lasso technique were reported. The exact reasons for this are unknown; however, one of the surgical concerns about the lasso technique is the associated risk of post-operative bleeding from the splenic artery. So, we modified the lasso technique to increase the safety of LDPS. In this current study, we compared the perioperative outcomes of LDPS performed with the modified lasso technique (ml-LDPS) with those of c-LDPS in terms of the operating time, estimated intraoperative blood loss, morbidity rate, mortality rate and the length of the post-operative hospital stay to assess the technical feasibility, safety and effectiveness of ml-LDPS.
Methods

Patients and data collection
This retrospective study was approved by the institutional review board of Yonsei University College of Medicine. From August 2006 to July 2016, we reviewed the data of patients in our retrospective cohort database who underwent conventional laparoscopic distal pancreatectomy combined with splenectomy (c-LDPS) or laparoscopic distal pancreatectomy combined with splenectomy using the modified lasso technique (ml-LDPS) to resect <50% of the pancreas as a treatment for a left-sided tumour. And we divided the study period into the first half of the study period and the second half of it to check the chronological change of the number of each method. First study period was from August 2006 to August 2011 and second study period was from September 2011 to July 2016 (Table S1 ).
Inclusion and exclusion criteria
During laparoscopic surgery for a benign or borderline malignant lesion in the body or tail of the pancreas, we usually try to preserve the spleen and preserve or remove the splenic vessels in order to maintain the immunological functions of the spleen. [9] [10] [11] However, in cases involving tumours abutting the splenic vessels near the splenic hilum, we perform planned combined splenectomy. Therefore, we only included cases involving planned LDPS in this study. We excluded cases in which the procedure was converted to LDPS after an initial attempt at spleen-preserving laparoscopic distal pancreatectomy. We also excluded pancreatic cancer patients who were diagnosed preoperatively based on preoperative radiological imaging or endoscopic biopsy; however, metastatic pancreatic tumours were included. In addition, in cases in which the pancreatic parenchyma had a very hard texture and was very thick, we did not use an endoscopic mechanical stapler to divide it because this approach is associated with a high risk of postoperative pancreatic fistula (POPF) formation. Therefore, we excluded cases in which we did not use an endoscopic mechanical stapler. And the type of stapler was chosen according to the thickness of pancreatic parenchyma where it will be divided. Regarding the selection of the surgical approach, that is ml-LDPS or c-LDPS, because this was a retrospective study, the surgical technique was chosen according to each surgeon's preference. However, all of the procedures included in this study were performed by well-experienced surgeons who were familiar with both approaches, and there was no change in the frequency of either surgical approach during the study period. Therefore, there was no time era difference between the two groups. Also, the perioperative care procedures employed at our institution basically remained unchanged throughout the study period.
Surgical technique: the modified lasso LDPS
Basically, this technique is exactly the same as the original lasso technique except the proximal splenic artery is clipped before the application of the original lasso technique (Fig. 1c) . The gastrocolic The original lasso technique for laparoscopic distal pancreatosplenectomy. The pancreatic parenchyma is divided using a laparoscopic mechanical stapler together with the splenic artery and vein. (c) The modified lasso technique for laparoscopic distal pancreatosplenectomy. The splenic artery is ligated using laparoscopic ties or metal clips. Then, a laparoscopic mechanical stapler is used to divide the pancreas together with the splenic artery and vein in the distal part of the pancreas (just to the left of the splenic artery-clipping site).
ligament was divided to gain access to the lesser sac. The gastrosplenic ligament was also divided. Instead of making a window between the splenic vessels and pancreas to allow the splenic artery, splenic vein and pancreas to be ligated separately, only the splenic artery was dissected and isolated from the upper border of the pancreas. The splenic artery was ligated using a laparoscopic tie or metal clips. The distal part of the pancreas was dissected from the retroperitoneum, and nylon tape was introduced to allow traction of the distal part of the pancreas containing both the splenic artery and vein. A laparoscopic stapler was used to divide the pancreas together with the splenic artery and vein in the distal part of the pancreas just left of the splenic artery-clipping site. The rest of the distal pancreas and spleen were dissected from the retroperitoneum. The specimen was removed through a small extension of the umbilical port using an endo-plastic bag. An additional movie file shows this in more detail (Video S1).
Outcome measures
Complications were classified according to the Clavien-Dindo scores. 12 A pancreatic fistula was defined according to the International Study Group of Pancreatic Fistula, as any measurable volume of drain output on or after post-operative day 3, with an amylase content greater than three times the serum amylase activity; the severity was graded as Grade A, B or C. 13 
Statistical analysis
Perioperative outcome between c-LDPS and ml-LDPS were compared. Statistical analysis of group differences was performed using the Mann-Whitney U-test for continuous variables and χ 2 test and
Fisher's exact test for categorical variables. To identify independent predicting factors for clinically relevant POPF, factors with P-value less than 0.1 in the univariate analysis were entered into logistic multivariate analysis. A P-value <0.05 was considered to indicate statistical significance. All statistical analyses were performed using the StatFlex version 6.0 for Windows software (StatFlex version 6.0, Artec Inc., Osaka, Japan).
Results
Chronological change of number of each method
The number of patients underwent ml-LDPS was eight and c-LDPS was nine in the first study period whereas ml-LDPS was 23 and c-LDPS was 21 in the second study period. There was no significant difference between two groups in terms of frequency (P = 0.78; Table S1 ).
Patients' characteristics
The general characteristics of the patients who underwent c-LDPS (n = 30) or ml-LDPS (n = 31) are shown in Table S2 . There were no significant differences between the two groups in age, sex, body mass index (BMI), American Society of Anesthesiologists performance status, tumour size or location (Table S2) . However, the number of patients who had undergone previous major abdominal surgery was higher in the ml-LDPS group than in the c-LDPS group (P = 0.07; Table S2 ). The pathological diagnoses obtained after each procedure included a benign lesion, borderline malignant disease or metastasis to the pancreas (Table S3) .
Improving the perioperative outcomes of ml-LDPS: a comparative analysis with c-LDPS
The ml-LDPS group exhibited a significantly shorter operation time than the c-LDPS group (162 min versus 201 min, P < 0.01; Table S4 ). It was also found that less intraoperative blood loss occurred (20 mL versus 200 mL, P < 0.01), and the mean length of the post-operative hospital stay was shorter (8.0 days versus 12.5 days, P < 0.01) in the ml-LDPS group (Table S4 ). In addition, post-operative morbidity occurred less frequently in the ml-LDPS group (P = 0.03; Table S4 ). No cases of perioperative (within 90 days) mortality occurred in either group.
The ml-LDPS group had a better post-operative complications rate than the c-LDPS group
All post-operative complications occurred in both groups, and information about each type of complication is shown in Table 1 . The total complications rate was significantly higher in the c-LDPS group than in the ml-LDPS group (46.7% versus 19.4%, respectively; P = 0.03). With respect to the incidence of clinically relevant POPF, it was significantly lower in the ml-LDPS group than in the c-LDPS group (6.5% versus 26.7%, respectively; P = 0.04).
ml-LDPS was identified as an independent predictor of Grade B or worse POPF formation Table 2 shows a comparative analysis of clinically relevant POPF and non-clinically relevant POPF. Univariate analysis showed that BMI, tumour size and the type of surgery (c-LDPS or ml-LDPS) were predictors of clinically relevant POPF. Multivariate logistic analysis revealed that only the type of surgery was an independent predictor of the development of clinically relevant POPF (hazard ratio: 11.46, P = 0.03).
Discussion
It is easy to perform LDPS with the original lasso technique; however, a major concern remains regarding the potential risk of bleeding from the divided splenic artery. Simply using a mechanical stapler to divide the relevant blood vessels, especially the splenic artery, might not prevent post-operative bleeding, as this method has little effect on haemostasis. Some authors have reported that when they used an endoscopic mechanical stapler to isolate the splenic hilum, which contains the splenic vessels, during laparoscopic splenectomy, some patients required reoperations or further interventions due to post-operative bleeding. 14, 15 We also experienced an episode of critical post-operative haemorrhaging after using an endoscopic mechanical stapler during a laparoscopic splenectomy. Therefore, we modified the original lasso technique to improve its safety and reliability during LDPS. Based on our experience, the application of one or two clips to the splenic artery before the division of the distal part of the pancreas together with the splenic artery and vein using a 3-row stapler makes it very easy to perform LDPS. It was also shown that ml-LDPS is superior to c-LDPS in terms of the operation time; estimated intraoperative blood loss; the incidence of post-operative complications, including POPF and the length of the post-operative hospital stay. In c-LDPS, it is necessary to dissect both splenic vessels from the pancreatic parenchyma and dissect a sufficient length of each splenic vessel to ensure that it is safe to use the stapler to divide the pancreatic parenchyma above the splenic vessels. During these procedures, bleeding from branches of the splenic vein is sometimes encountered, which might make surgery challenging due to the difficulty of achieving haemostasis. However, it is not necessary to dissect the splenic vein from the pancreatic parenchyma or worry about bleeding from the splenic vein when performing ml-LDPS. Even though the number of patients who had undergone previous abdominal surgery was higher in the ml-LDPS group, the ml-LDPS procedure exhibited clear benefits compared with the c-LDPS technique in terms of the operative time and intraoperative bleeding. These advantages could be derived from the surgical benefits of ml-LDPS described above. In addition, regarding the mean operation time for LDPS the current result for ml-LDPS is comparable or superior compared with those reported in the literature (the mean operation time was around 180 to 190 min [16] [17] [18] ). As for the development of clinically relevant POPF, the frequency of this complication differed significantly between the two techniques (6.5% versus 26.7%, P = 0.04), and the type of surgical approach (c-LDPS or ml-LDPS) was selected as an independent predictor of POPF formation in the multivariate analysis. The low incidence of clinically relevant POPF seen after ml-LDPS is comparable to the incidence rates reported in other studies. [19] [20] [21] [22] [23] We hypothesized that the better result in terms of the frequency of clinically relevant POPF obtained for the ml-LDPS procedure could have been derived from the following mechanisms. First, more extensive dissection of the splenic vessels from the pancreas is required in c-LDPS, as described before. In this procedure, we have to dissect the pancreas tunica widely to expose the splenic vein in order to allow the safe application of the laparoscopic stapler, which might injure the pancreatic parenchyma itself, leading to the formation of a critical pancreatic fistula during the dissection procedure if the splenic vein is embedded deep within the pancreatic parenchyma. Second, division of the pancreatic parenchyma together with the splenic vessels could lead to tight closure of the pancreatic stump, which might explain the low incidence of POPF. Both the reduction in intraoperative bleeding and the fact that certain complicated procedure is not required in ml-LDPS might have contributed to reducing the incidence of clinically relevant POPF compared with c-LDPS. With respect to post-operative recovery, on average the patients in the ml-LDPS group went home 4.5 days earlier than those in the c-LDPS group (P < 0.01). The reduced incidence of morbidities, including clinically relevant POPF, could have contributed to the shorter post-operative hospital stay seen in the ml-LDPS group. All of these advantages of the ml-LDPS technique might have arisen from the technical simplicity of the ml-LDPS procedure compared with c-LDPS, which requires the dissection and ligation of the splenic vessels and pancreas to be performed separately.
This study had two limitations. First, ml-LDPS can only be performed if there is sufficient space between the tumour and the origin of the splenic artery. If the distance between these structures is not sufficient, the pancreas has to be transected on the right side of the celiac artery, making it impossible to perform ml-LDPS. Therefore, the ml-LDPS technique can only be used in cases in which <50% of the pancreas is dissected. Second, the number of patients in this study was small, the study had a retrospective design, and the surgical technique was chosen according to the surgeon's preference, making it difficult to reach firm conclusions. A future randomized control study should be conducted to confirm the utility of the ml-LDPS.
Conclusions
In most cases requiring for less than 50% distal pancreatectomy, splenic artery can be easily isolated around pancreatic upper border and this condition is very appropriate for ml-LDPS technique. The ml-LDPS technique is a simple, safe and effective way of performing LDPS involving <50% of the pancreas. Both experienced and novice surgeons can easily perform ml-LDPS because of its simplicity.
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